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The Biological Services Program was established within the U.S. 
Fish and Wildlife Service to supply scientific information and methodologies 
on key environmental issues which have an impact on fish and wildlife 
resources and their supporting ecosystems. The mission of the Program 
is as follows: 


1. To strengthen the Fish and Wildlife Service in jts role as 
a primary source of information on national fish and wildlife 
resources’, particularly with respect to environmental impact 
assessment. 


2. To gather, analyze, and present information that will aid 
decisionmakers in the identification and resolution of 
problems associated with major land and water use changes. 


3. To provide better ecological information and evaluation for 
Department of the Interior development programs , such as those 
relating to energy development. 


Information developed by the Biological Services Program is intended 
for use in the planning and decisionmaking process, to prevent or minimize 
the impact of development of fish and wildlife. Biological Services 
research activities and technical assistance services are based on an 
analysis of the issues, the decision makers involved and their information 
needs, and an evaluation of the state-of-the-art to identify intormation 
gaps and determine priorities. This is a strategy to assure that the 
products produced and disseminated will be timely and useful. 


Biological Services projects have been initiated in the following 
areas: 


Coal extraction and conversion 
Power plants 
Geothermal, mineral, and oil shale development 


Water resource analysis, including stream alterations and 
western water allocation 


Coastal ecosystems and Outer Continental Shelf development. 


Systems and inventory, including National Wetlands Inventory, 
habitat classification and analysis, and information transfer 


The Program'consists of the Office of Biological Services in Washington, 
D.C., which is responsible for overall planning and management; Nationa] 
Teams which provide the Program's central, scientific and technical 
expertise. and which arrange for contracting of Biological Services 
studies with states, universities, consulting firms, and others; Regional 
staff who provide a link to problems at the operating level; and staff 
at certain Fish and Wildlife Service research facilities who conduct in- 
house research studies. 











DISCLAIMER 


The opinions, findings, conclusions or recommendations 
expressed in this report are those of the authors and do 
not necessarily reflect the views of the Office of 
Biological Services, Fish and Wildlife Service, U.S. 
Department of the Interior, nor does mention of trade 
names or commercial products constitute endorsement or 
recommendation for use by the federal government. 


This report is meant for use within the Fish and Wildlife 
Service only. Please do not circulate outside the Fish 
and Wildlife Service. 
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INTRODUCTION 


The "User Needs Assessment for an Operational Geographic Information 

System" (Report 1.1) identified many FWS programs which would be benefited by a 
To demonstrate the relevance of a GIS to these programs, seven candidate 

test areas are proposed (Figure 1.1). These test areas are primarily 

meant to serve as prototype demonstrations of a GIS. However, to make 

the demonstrations relevant and meaningful to FWS users, the test areas 

were delineated to address real FWS problems whenever possible. 


ALTERNATIVE TEST CASE DESCRIPTIONS 


The Wyoming Coal Coordination Project 


As outlined in Report 1.1, Section 4.7, the Coal Coordination Program 

is in need of a method for spatially displaying the areas of high 

energy development impact. These are the geographic regions which are 
impacted by either the primary effects of energy development (extraction 
facilities, processing facilities, transmission facilities) or by the 
secondary effects of population immigration, needed employee housing, 
public services support, and recreational demand of employees. 





The unique characteristic of this test case would be its broad state- 
wide scope covering some 85,000 square miles and inclusion of both 
primary and secondary effects. 


Data Availability 
The Federation of Rocky Mountain States under a 1975 contract to the 
Wyoming Land Use Commission gathered, stored and analyzed a large amount 
of data covering the state of Wyoming. This data, in machine readable 
format, is stored in 500 acre cellular matrices on magnetic tape. . Some 
fourteen variables covering the state are included in this data base. 
These variables include: 

1 Land ownership. 

2 Mineral extractive activities. 

3 Fuel production and transport activities. 

4 Power production and transport activities. 

5 Urban development and subdivisions. 


6 Forest resources and activities. 





7 Agriculture. 
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Figure I.1. Location of six candidate test areas in Montana and 


Wyoming for developing an operational automated 
geographic information system. A seventh test 
area encompassing all of Wyoming is proposed for 
Coal Coordination. 
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Some of the economic variables may require updating due to recent activities, 
however, a vast amount of the natural resource data is relatively static. 
Several other maps are not yet coded, but are ready for data entry, such as 


Outdoor recreation facilities. 


Forest service and BLM wilderness areas and proposals. 


Surface water. 

Ground water. 

Wildlife - big game habitats. 
Transportation patterns. 


County boundaries. 


soil type and vegetation. 


Other data sources are those identified by the Wyoming coal coordinator. 


Co-incidence With Other Test Areas 


While no other test case covers all of Wyoming, the Montana-Wyoming Test 


Area will be a subset of the state. 


Occurrence of the Test Case in the Future 


If this test case proves successful, 0.B.S. may do similar synoptic 


macro studies for the states of Montana, Colorado, Utah, South Dakota 


and other states being hit by the "energy development boom". 


User Involvement 


Kent Keenlyne will be able to contribute part-time support for this 


test case. 


Coal Coordination - Areawide Planning Test Case, Powder River Basin, 


Montana_and Wyoming. 


No other staff support has been committed. 


Two programs in BAO with similar data resolution and methodological 


requirements are Coal Coordination's High Impact Area Definition, and 
Ecological Service's Areawide Planning. 


The 8,600 square mile WELUT 
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test area in Montana and Wyoming (Figure 2.1) has been identified as an 
area where a GIS could be designed to simultaneously address both 
these programs. 


The Coal Coordination component of the test will attempt to identify the 
likely primary and secondary impacts of energy development on fish and 
wildlife habitat. A variety of medium scale (e.g., 1:100,000) 

data will be encoded to assess these impacts, including: topography, 
soils, vegetation, hydrology, land use, economic conditions, and 

mining and management plans of other agencies. 


The Areawide Planning component of the test case would be for demonstra- 
tion purposes only; no actual areawide planning problems would be addressed. 
Rather, various hypothetical problems would be formulated that could be 
answered using the data base developed for Coal Coordination. Such an 
exercise would effectively demonstrate the capabilities of a GIS to Area- 
wide Planning. 


Data Availability 


Two major environmental impact statements have been prepared on energy 
activities in the Powder River Basin. As a result, much social, economic, 
landuse and biological data have been collected, organized, and analyzed 
for the area. WELUT is also collecting a large amount of habitat and 

land use data for the area, especially from remote sensing sources. Most, 
if not all, these data are available for this test case. Consequently, 
data availability is not considered a limiting factor for this test 
demonstration. 


Co-incidence with Other Test Areas 


Figure 1.1 shows the spatial relationship between this and other test 
areas under consideration. Essentially, this area encompasses the test 
areas proposed for "Water Development Project Evaluations" of ES. 


Occurrence of the Test Case in the Future 


Energy development is sure to be a major cause of fish and wildlife 

habitat degradation in Montana and Wyoming now and in the future. As energy 
developments occur, the need for an effective methodology to assess im- 
pacts on fish and wildlife becomes increasingly critical. 


A Level B study sponsored by the Water Resource Council is planned for 
the entire Missouri River Basin in 1978. Areawide planning techniques 
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developed in this test case will have direct and real application to 
this and other Level B studies. 


User Involvement 


Gary Wood (ES Supervisor, Billings, Montana) has indicated that he and 

his staff will cooperate in this test case to the fullest extent possible, 
so long as (1) the process seems worthwhile, and (2) other ES responsi- 
bilities are not neglected. 


Water Development Planning for the Moorhead Reservoir Site 
or the Tongue River Reservoir Site 


To demonstrate the capabilities of a GIS for evaluating the effects of 
water development projects (i.e. dams and reservoirs) on fish and wild- 
life resources two test candidates have been proposed: the Moorhead 
Reservoir Site on the Powder River and the Tongue River Reservoir Site 
(Figure 2.2). Of all the responsibilities of Ecological Services Division 
in Billings, evaluation of water development projects is most demanding 

in terms of manpower and information. 


The outputs desired from this test case include: (1) an automated fish 

and wildlife habitat mapping methodology; (2) a methodology for identifying 
critical fish, wildlife, and endangered species habitats; (3) a means for 
predicting the rate and location of secondary development; and (4) a 
methodology for assessing recreation demands for hunting and fishing. 

The large number of inputs necessary to produce these outputs are detailed 
in Appendix A3 of the "User Needs Assessment Forms for an Operational 
Geographic Information System. " 


Evaluation of the Moorhead Reservoir Site 


Data Availability 


A preliminary assessment and comparison of the data availability for the 
Moorhead and Tongue River Reservoir Sites is provided in Table 2-1. 


Co-incidence with Other Test Areas 


Figure 1.1 shows the location of the Moorhead site relative to other test 
areas under consideration. Essentially the test area coincides with the 
WELUT test area and test areas under consideration for Coal Coordination 
and Areawide Planning of Ecological Services. 
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Figure 2-2- Moorhead Reservoir and Tongue River Reservoir candidate 
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Table 2-1. Preliminary comparison and assessment of the data availability 
on the Moorhead Reservoir Site, Montana and Wyoming, and the 
Tongue River Reservoir Site, Montana. Availability was 
rated as abundant, some, none, or unknown. 


Data Group Data Availability 

Tongue Moorhead 
River islands Abundant Abundant 
Stream and fisheries surveys Abundant Some 
Instream flows , Abundant Abundant 
Project specifications Abundant Some 
Topography Abundant Abundant 
Soils Abundant Some 
Vegetation Abundant Abundant 
Rates of secondary development Unknown Unknown 
Recreation Unknown Unknown 
Land use Abundant Abundant 
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Demographics Some Some 
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Occurrence of Test Case in Future 


Each year, ES becomes involved in two or three projects similar to the 
Moorhead Reservoir test case. These evaluations account for the largest 
portion of the workload of ES. No change is foreseen in this situation. 


User Involvement 


Gary Wood (ES Supervisor, Billings, Montana) has indicated that he will 
cooperate in this test case to the fullest extent possible, so long as 
(1) the process seems valuable, and (2) other ES responsibilities are 
not neglected. 


Evaluation of the Tongue River Reservoir Site 


Data Availability 


For two reasons, Ecological Services considers the Tongue River Project 
not to be representative of the water development projects that are 
typically evaluated. First, the area is richer in data than most areas, 
and ES is concerned that an evalution system that requires intensive 
amounts of data for large areas will not be useful for evaluating pro- 
jects in areas deficient in data. Second, the Tongue River is presently 
a controlled river; major impacts have alraady occurred (especially, 

the downstream river channel sinousity). ES would prefer this test 
demonstration to take place on an uncontrolled river that has not under- 
gone substantial change. 


The Tongue River is characterized by cold, cool, and warm water fisheries, 
all of which will be severely impacted by the proposed dam. A relatively 
complete data base describing these fisheries is available to serve as a 
basis for assessing project impacts. In addition, these data could serve 
as a basis for demonstrating to the Fisheries Division in BAO some of 

the capabilities of a GIS for processing aquatic data. 


In summary, the Moorhead Reservoir site is a representative test area 
for evaluating water development projects. The Tongue River Reservoir 
site is a more diverse fishery with extensive data that would serve to 
assess the project impacts, and also demonstrate some methodologies for 
processing spatially related aquatic data. 


Co-incidence with Other Test Areas 


Figure 1.1 shows the location of the Tongue River Reservoir Site relative 
to other test areas under consideration. Essentially, the test area 
coincides with the WELUT test area and test areas under consideration for 
Coal Coordination and Areawide Planning of ES. 
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Occurrence of Test Case in Future 


Each year, ES becomes involved in two or three projects similar to the 
Tongue River Reservoir test case. Activities associated with these evalua- 
tions account for the largest portion of the work load of ES. No change 

is foreseen in this situation. 


User Involvement 


Gary Wood (ES Supervisor, Billings, MT) has indicated that he will cooperate 
in this test case to the fullest extent possible, so long as (1) the process 
seems valuable, and (2) other ES responsiblities are not neglected. 


Stream Alterations on the Lower Yellowstone River 


A 67-mile portion of the lower Yellowstone River (Figure 2.3) has been 
proposed as a test area to demonstrate the "Structural, Physical, and 
Biological Stream Survey Data Compilation Module." This test case will 
assist Ecological Services in evaluating stream alterations that require 
a Federal permit or license. This portion of the Yellowstone River was 
selected due to: (1) its close proximity to the Montana-Wyoming Test Area; 
(2) the availability of a variety of biological and water quality data; 
and (3) the large number of stream alterations anticipated to occur on 
this reach of the Yellowstone River. Of the 67-mile reach identified, a 
minimum of 25 miles are needed to effectively demonstrate this test 
application. 


Outputs resulting from this test include: (1) a system for storing, 
referencing, and mapping pertinent stream alterations and fish and 
wildlife information; (2) the identification of potential stream 
alteration sites; and (3) the likely impact of proposed and potential 
stream alterations on fish and wildlife resources. Inputs necessary to 
obtain these outputs include stream survey and soil erodibility data, 
and an inventory of riparian vegetation composition and the location of 
structural stream alterations along the river. 


Data Availability 


Montana Department of Fish and Game has been conducting research on the 
lower Yellowstone River for the past three years. These research activi- 
ties are generating information on: water quality, fisheries habitat, 

fish population levels, invertebrate diversity, migratory birds, fur- 
bearers, and recreation resources. The format, completeness, and avail- 
ability of these data are not fully known at this time. In addition, FWS 
in Billings has 1:24,000 scale color infra-red photography (1975) covering 
this portion of the Yellowstone. Recent soil series data is available for 
most of the area. 


(GE 





@ias0um a. 






Montana 


* @Lauotve 





KORTH DAKOTA 













VaelLow vary 
atercron 








Montana-Wyoming 
Test Area 





Figure 2,3. Lower Yellowstone.River test area for Permits and 
Licenses, Ecological Services, Billings Area Office. 
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Co-incidence with Other Test Areas 


This Lower Yellowstone test area lies 15 to 25 miles north of the Montana- 
Wyoming test area. Figure 2.1 illustrates the proximity of this test 
area relative to other areas under consideration. 


Frequency of Test Application in Future 


Currently, Ecological Services evaluates over 100 stream alteration projects 
each year. ES expects that requests for stream alterations will accelerate 
in the future. 


User Involvement 


ES does not view this as a good demonstration of composite mapping analysis. 
Consequently, their likely manpower commitment will be low. 


Endangered Species Mapping for the Northern Rocky Mountain Wolf 


Developing a recovery plan for the Northern Rocky Mountain Wolf (NRMW) 

is currently the major involvement of FWS in Billings in the Endangered 
Species Program. Geographically, this plan will focus on a large 

portion of western Montana and northwestern Wyoming (Figure 2.4). Since a 
large amount of spatial data will be needed to develop and implement 

the NRMW recovery plan, this area has been proposed as a test case. 


The outputs that could be produced from this test case include the 
identification of: (1) the current distribution of NRMW; and (2) areas 
suitable for NRMW re-establishment. The inputs and processes necessary 
to achieve these outputs are defined in Appendix A 21 of the "User Needs 
Assessment Forms for an Operational Geographical System (Report 1.3). 


Data Availability 


LANDSAT data is available to provide information on land use, population 
density, and vegetation cover. The availability of ground truth necessary 
to interpret these data is uncertain. A great deal of work has been done 
with LANDSAT data to identify grizzly bear habitats that may be applicable 
to the NRMW planning effort. 


Co-incidence with Other Test Areas 


This test area does not coincide with any other test area under considera- 
tion. 





~o 
— 





rir td . 





° if 
o ] ! 
® ! 
1 t t ! ; 
TO $5.” Caekt) gee aa ! Dice ae re P 
é BPS rt fdsie i. 2 ire 5 y 
ba ‘ £ we ' ! y 
¢ ! : i Wan nay De a ee ee oe ee oe ee 
t rs ‘ 4 = ee- 1 \ 
e 
cae ces op ees 
ee 
e 
ae 
I ' 
! Se. 
i 
i] 
| 
' 
at 
‘ 
t 
! e 
! 
be ae ees oe ee 
! | 
a] a4 
4 
' 


/ 


Figure 2.4.- The approximate location of the Northern Rocky Mountain 


Wolf Recovery Plan test area. 
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Occurrence of Test Case in Future 





Recovery plans are developed on an infrequent and irregular basis. Aside 
from having possible application to the Grizzly Bear recovery effort, the 
need for this specific test case probably would not occur again in Montana 
and Wyoming. However, development of a viable recovery planning system for 
endangered species would be of regional and national significance to the 
Fish and Wildlife Service. 


User Involvement 


Norton Miner, the FWS representative on the NRMW and Grizzly Bear 
recovery team has shown no interest in the capabilities, design or 
development of this application. 


Refuge Master Planning for a Portion of Charles M. Russell National 
Wildlife Refuge 


Within the next several years an extensive master plan will be developed 
for the Charles M. Russell (CMR) National Wildlife Refuge. A major 
component of this master planning process will focus on locating optimally, 
in both time and space, various activities or land uses that may compete 
for the same resources or parcel of land. 


To demonstrate the capabilities of an automated geographic information 
system to optimally locate geographically based activities, a 50,000 

acre portion of CMR has been proposed as a test case (Figure 2-5). The 
two criteria used to select this area were (1) the availability of an 
adequate, but representative data base, and (2) the presence of a variety 
of activities on the area competing for the same resources (e.g., wildlife 
and livestock competing for the same range resources.) An example of 
these activities and their associated data requirements is specified in 
Appendix Al2 of the "User Needs Assessment Forms for an Operational Geo- 
graphic Information System "(Report 1.3). 


Data Availability 


The selection of a test area was predicated on the availability of a data 
base representative of the likely future availability of data on the entire 
refuge. Data rich and data poor areas were avoided. Preliminary surveys 
of existing data indicate that adequate soils, vegetation, land use, wild- 
life and topographic data maps are available for the area to effectively 
demonstrate this test case. 


Vegetation and soils maps are expected to be completed for the entire 
refuge within two years. If the inital demonstration afforded by the 

test case proves successful, these data would serve as a basis for expand- 
ing the system to the entire refuge. 
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Figure 2.5. Proposed test area for the Charles M. Russell National Wildlife Refuge, Montana. 
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Co-incidence with Other Test Areas 


This test area does not overlap with any other test area under considera- 
tion. 


Occurrence of Test Case in the Future 


If the CMR test application proves successful, expansion of the system to 
the entire refuge is likely. This system, when developed, would become 

an integral part of the planning process on into the future. Expansion 

of this test application to other refuges administered by BAO is not 
likely, but should have direct and real application for other similar wild- 
life ranges in other regions, especially in Alaska. 


User Involvement 


A full-time planner is currently being hired to work on the CMR master 
plan. He will be expected to participate actively in the design and 
development of this test case whenever services or information are required. 
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3.0 SUMMARY COMPARISON OF TEST CASES 
Seven test cases have been proposed and analyzed in Section 2.0 
including: 
1. Moorhead Water Development Project; 
2. Tongue River Water Development Project; 


3. Montana-Wyoming Test Area ( Coal-Coordination-Areawide 
Planning); 


4. Yellowstone River Stream Alterations Project; 


5. Charles M. Russell National Wildlife Refuge Master 
Planning Pilot Project; 


6. Endangered Species Recovery Plan for the Northern 
Rocky Mountain Wolf in Western Montana and Northwestern 
Wyoming; 
7. Wyoming Statewide Coal Project Coordination. 
Fach of these proposed test cases has advantages, interested users, 
limitations, and problems. The contractor is adapting a test case 
approach for two reasons: (1) to demonstrate and test the diverse 
capabilities of a GIS, and (2) to introduce, involve, and technically 


train FWS personnel in the use of the GIS. The primary objective of 


these test cases is demonstration as opposed to problem solving. 


The ideal test case would encompass the following features: 


1. The geographical area would be of interest to a 
variety of FWS divisions. 


2. The geographical area would be small in size but 
significantly diverse to demonstrate a variety of 
management problems, conflicts, and alternative 
solutions 


3. Sufficient data of high quality would be readily 
available for: this test area. 


4.0 


18 


4. The type of problem addressed would be repeated 
many times in the future. 


Conclusions and Recommendations 


Based upon this subjective comparison of the alternative test cases, 


the contractor recommends that the following steps be taken: 


Recommendation #1] 


It is recommended that two interrelated test cases be adopted: 


1) A Water Development Planning Project (either the 
Tongue, or Moorhead Reservoir sites). 


2) The Coal Coordination, Area Wide Planning test case 
for the Montana-Wyoming Test Case. 


The specific internal logic, data reformatting procedure and data 
digitizing and editing procedures for the two test cases will be worked 
out in Task III. This recommendation is based on four reasons: 

1. Both cases have sufficient data for a thorough analysis; 


2. One case is a detailed analysis within the other allowing 


+ for telescoping or nesting analysis; 


3. In combination, these two cases will exercise the majority 
of the technical capabilities of the GIS. 


4. Both cases are rated high in the analysis (Table 3-1). 


Recommendation #2 

It is recommended that WELUT in coordination with the contractor 
and the Billings Area Office select a Water Development Project 
(i.e., decide between the Tongue River and Moorhead Projects). 
This decision should not be formalized until (a) each site is 
visited; (b) it is certain that the project specifications are 
available (to date the Moorhead Reservoir project specifications 
were not available to FWS); and (c) FWS in Billings has been 


thoroughly consulted. 
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Recommendation #3 
It is recommended that the contractor serve as consultant to 
interested users for the following test cases: | 
1. Charles M. Russell Refuge Master Plan Pilot Test: 
2. Wyoming Statewide Coal Coordination Impact Analysis; and 
3. Yellowstone River Structural Alterations Test. 
In this capacity the contractor could provide the following services 


in an advisory as opposed to a production mode: 


1. suggesting methodologies, techniques and analytic approaches ; 


2. assisting the users in gathering and interpreting data for 
their project; 


3. training the users to encode data for their test case using 
the geographic encoding techniques established by the 
project; 


4. training the users to manipulate data using the 
geographic information system. 


Recommendation #4 

It is recommended that the Billings Area Office - Ecological Services 
assign one biologist to be responsible for each test case as a part of 
his ongoing responsibilities. These two biologists would work on a 
"hands on" basis with the contractor in data gathering, interpretations 
of data quality investigating required biological models as supplied 

by WELUT, HAG and others, habitat suitability mapping and other steps 


in the test case process. 





